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(57) Abstract: The present invention refers to a communications system comprising one or more communication nodes and one
or more mobile terminal devices, allowing users to communicate with the communications system by data transmission during a
data session, which communication nodes and mobile terminals are adapted to communicate with each other via an air interface by
sending data from the terminal devices to the communication nodes and/or from the communication nodes to the terminal devices,
&= wherein at least one zone is defined for the users of the communications system in which the user may be provided with other, further
& ormodified services and / or tariffs as outside of the defined zone, the communications system further comprising determining means
for determining the actual location state based on the examination whether the user is located inside or outside of one of said zones,
wherein the communications system is adapted to re-determine the actual location state by said determining means or to obtain the
re-determined actual location state from the determining means dependent of one or both of the parameters elapsed time and activity

during the data session.
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Communications System

The present invention refers to a communications system comprising one or more
communication nodes and one or more mobile terminal devices, allowing users to
communicate with the communications system by data transmission during a data
session, which communication nodes and mobile terminals are adapted to commu-
nicate with each other via an air interface by sending data from the terminal devices
to the communication nodes and/or from the communication nodes to the terminal

devices.

Operators providing service over an air interface medium (e. g. the network), e. g.
GSM, UMTS, WLAN may provide service or billing differentiation to their end users
based upon location. Nodes propagate a radiation footprint and provide a network
interface to that geographical area. The end user is aware of the location (“zone”),
either through a distinct indication (visual or audible) and/or through differentiation
in the billing and/or through differentiation in service experience, e. g. higher

throughput, privileged service capabilities, etc.
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It is known to provide such location differentiation for voice calls allowing the user to
use his mobile terminal at a lower tariff inside his zone than being located outside

his zone.

In case of data sessions such as packet data sessions it is to be noted that these
sessions can enjoy very long durations, e. g. tens of minutes or even hours. Such a
session may well be exposed to mobility and experience manifold transitions of the

location state, which can be inside or outside of said defined zone.

Frequent re-determination of the end user location state (inside/outside of the zone)
by the operator can lead to confusion for the end user, e. g. since the end user ter-
minal device may both send and receive packets of data at irregular and unex-
pected times. Practically, these cannot be screened by the end user if the fre-

quency of re-determination of the location state by the operator is too high.

Conversely, minimum re-determination of the location state, e. g. once at the start
of the session, can lead to end users establishing sessions inside the location and
maintaining the state indefinitely if their move elsewhere. This of course can lead to

an undesirable tariff being attached to the complete usage.

It is thus the object of the present invention to improve a communications system as

mentioned above which eliminates these subjectivities.

This problem is solved by a communications system according to claim 1. In accor-
dance with the present invention at least one zone is defined for the users of the
communications system in which the user may be provided with other, further or
modified services and / or tariffs as outside of the defined zone, wherein the com-
munications system further comprises determining means for determining the ac-
tual location state. The actual location state may have the values “inside zone” or
“outside zone” based on the examination whether the user is located inside or out-

side of a zone performed by the determining means.
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The communications system is further adapted to re-determine the location state by
the determining means or to provide the result of such re-determination to another
unit of the system based on one or both of the parameters elapsed time and activity

during the data session.

The elapsed time may be an elapsed time of the complete data session or the
elapsed time since the previous re-determination of the actual location state or the
previous transmittal of the actual location state from the determining means to an-
other unit of the system. For example the elapsed time are x minutes after inception
of the data session, x minutes after the previous re-determination or x minutes after
the previous transmittal of the actual location state from the determining means,

wherein “x” may have any value.

It is conceivable to re-assess the location state or to transmit the location state once
at the elapsed time of the complete data session or more than once, for example

periodically (e.g. each x minutes) during a data session.

The elapsed time may further be the elapsed time since the start of the current data
usage, i.e. of the current activity. The term “usage” or “activity” designates the
transmittal of data, in case of a packet data session the transmittal of one or more
data packets. Also in this case it is conceivable to re-assess or to re-transmit the
location state once at the inception of the usage or periodically during the time of

usage.

Regarding the re-assessment of the location state it is possible that the determining
means is triggered so as to perform the re-determination of the actual location
state, i.e. only performs said re-determination upon request of an other unit of the
system. It is also conceivable that the determining means performs the re-
determination on its own, i.e. without being triggered by another unit and that based
on one or both of the parameters elapsed time and activity during the data session
the determining means is queried by another unit of the systems to provide the ac-

tual location state.
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Within the context of this invention the term “actual location state” defines the state
describing the actual location of the user's terminal device, i.e. whether or not the

terminal device is actually within or outside of a zone at the time of determination.

In a preferred embodiment of the present invention, re-determination of the actual
location state or providing the actual location state is triggered independently of the
actual location and/or movement of the user. In other words, according to this em-
bodiment of the invention the actual location or the physical movement from inside
to outside a zone or vice-versa are not events which trigger the re-determination or

the provision of the actual location by the determining means.

Thus, in a preferred embodiment of the invention, the re-assessment of the location
state of the user is not triggered by mobility, rather by the elapsed time and / or ac-
tivity of the data session. Preferably the re-assessment is triggered dependently of
both parameters elapsed time and activity, i.e. only if usage is observed and the

elapsed time exceeds a threshold, the re-assessment is performed.

The data session is preferably a packet data session which is an air-interface born
dialogue exchange between an end user and the network where the end user uses
a terminal device to exchange information with one or more nodes, sequentially or
simultaneously. A packet data session provides for the transmission of data in the
form of packets, switches the data at a packet level and is capable of disassembling
and re-assembling the packets. A packet data session is characterized by an ini-
tialization of the session, followed by a period until closure which is occupied by
periods of inactivity and of transfer of data packets. Activity is here defined by the
start of sending or receiving a data packet or a group of associated data packets, e.
g. a self-contained file. Typically, it can be generalized for packet data usage that

the longer the sessions the higher the ratio of inactivity to transfer will be observed.

Packet data sessions can enjoy very long durations and in accordance the present

invention a re-assessment of the location state is triggered based on one or both of
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the parameters of elapsed time and activity during the data session. Activity may be
defined as mentioned above, i. e. by the start of sending or receiving at least one

data packet.

In a further embodiment of the present invention the communications system com-
prises a first database comprising a physical location attribute of all communication
nodes resident in the network offered to the end user. A second database shall
maintain a definition of each end user pre-defined zones which qualify for location
differentiation. These zones may be individually defined for each of the users or
may generally apply to all the users of the communications system. It is conceivable

that only one zone is defined for a user or that more than one zone is defined.

The aforementioned determining means shall refer to both data bases and compute
a result by considering the node from which the end user initiated the packet data
session and/or to which the end user is presently camped on. The result is the loca-

tion state which may have the values “inside zone” or “outside zone”.

In a preferred embodiment of the invention the system further comprises a state
machine which stores a current location state. Preferably the state machine is con-
nected or connectable to the determining means and obtains from the determining
means the actual location state. The current location state may have the same val-
ues as the actual location state, i.e. “inside zone” or “outside zone". The current
location state which is stored in the state machine need not necessarily be identical
to the actual location state which is determined by the determining means. The is-
sue when and whether the current location state is changed to the actual location
state is explained below in a further preferred embodiment of the invention. The
current location state which is stored in the state machine may be applied for ex-
ample for billing purposes and/or for the duration of the data session until termina-
tion and/or through differentiation in service experience, e.g. higher throughput,

privileged service capabilities, etc..



WO 2007/104578 PCT/EP2007/002351

For example, the state machine shall re-synchronize the user location state by

means of the determination means for example according to the following criteria:

1. A minimum period elapsed time has been observed since the last state ma-

chine localization and
2.  anew activity of packet data has begun on the active data session.

The time may be variable according to the type of end user as defined by the op-

erator or to the type of packet data service that is being used by the end user.

In a further embodiment of the present invention the state machine or the determin-
ing means or another unit of the system shall maintain one or more historical loca-
tion states determined in previous determinations by said determining means. In
other words the state machine, the determining means or said other unit shall main-
tain a history of results returned by the determination means for the last requests

associated with the current data session.

In accordance to a further embodiment of the present invention the state machine is
adapted to change the stored current location state to the actual location state de-
termined by the determining means if the actual location state and a number of the
last subsequent historical location states determined by the determining means are
identical and of the opposite state than the current state stored in the state ma-

chine.

The number of the last subsequent historical information location states is a finite
number and may be variable according to the type of the user as defined by the

operator or to the type of packet data service that is being used by the end user.

As mentioned before, the current location state which is stored in the state machine
shall only change to the actual state determined by the determining means in case

that all of said number of the last subsequent historical location states determined
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by the determining means as well as the actual location state are identical and of

the opposite state to the stored current location state of the state machine.

For example, the user may physically move from inside location to outside then
back in again, vice-versa and many times during a session, yet due to the historical
latency of the state machine the current state may never change. For example in
case that said number is set to 2 the end user may move from inside location to
outside location, actively send packet data whilst outside location and cause 2 lo-
calization determinations, thereafter move back inside location and thus cause an
inside location result at the subsequent localization determination. In this case the
end user maintains his inside location state, i.e. the current location state, for the

whole duration because the last, actual location state has been inside location.

However, in the afore-mentioned example if the user would have stayed outside his
zone so that said subsequent localization determination would have resulted to be
outside location the current location state of the state machine would have changed

from inside to outside location.

It is noted that the location determination may not always be able to absolutely es-
tablish the location of the end user. In this case the state machine shall follow a
predefined rule to either ignore the ambiguous result of the location determination
(i. e. the result is not added to history) or to consider the ambiguous result as either

equivalent to inside or outside location state result.

The number of said last subsequent historical location states may depend on the

type of user and/or on the type of the data session.

in a further embodiment of the present invention the applicable number of said last
subsequent stored historical location states depends on whether the user enters or
leaves a defined zone, i. e. whether the user is changing from inside location state

to outside, versus changing from outside the location state to inside.
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In a further embodiment of the present invention the stored current location state
stored in the state machine or in an other unit of the system influences the billing
and / or the duration of the data session until termination and/or through differentia-
tion in service experience, e.g. higher throughput, privileges service capabilities,
etc.. We refer to this as the billing state / service state which may itself be different

to the current location state in certain circumstances.

It is conceivable to maintain the service state and / or the billing state according to
an inside location state even if the current location state of the state machine
changed to the outside location state and to interrupt the data session immediately

or within a certain lapse of time after said change of the current location state.

Such disconnection may be accompanied by a notification to the end user that
forced disconnection is about to happen, e.g. prior insertion of information splash
page to inform the user accordingly. For example when the determination by the
determining means reveals three times in succession that the user is outside the
zone and said number of last subsequent stored historical location states is 2 the
service state and/or billing state may stay in-zone but the user will be uncondition-
ally disconnected at some predefined time from communication of said splash page
for the case the user is browsing with a web browser in the same moment. The trig-
ger for such splash-page may be the change of the current location state to out-

zone,

The term “service state” designates a state of the data session defining the avail-
ability of certain services to the user. The term “billing state” designates a state of
the data session in accordance to which a certain billing is applied to the users ac-

tivities in the communications system.

The communications system may be adapted so that the billing state and/or service
state depends on the location of the user (i.e. inside or outside a zone), at which the
data session begins and does not change during the whole session until its termina-

tion. For example, if the data session has begun outside the zone it is conceivable
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to bill the complete data session or provide a service state as if the user remains
outside his zone even if the user enters the zone during the data session. If the
data session begins inside the zone it is possible to maintain the in-zone billing and

service state until the communication is interrupted.

It is also possible to change the billing status of the user if the user enters a zone
from outside zone to inside zone. It is conceivable to retroactively apply said inzone
billing beginning from that point of time at which last current or the last actual loca-

tion state has been outside zone.

The afore-mentioned state machine may be adapted to be initialized by inception of
a data session. The state machine may be adapted to retrieve from the determina-
tion means the actual location state after initialization of the state machine and at

future periods which are governed by the elapsed time and/or usage.

In a further embodiment of the present invention the state machine may be adapted
so that the user and / or a third party may retrieve information as to the actual or
current location state and/or billing state and/or service state upon request. For ex-
ample at every point in time a customer can request a specific web page URL. This
web page is placed on a server which queries the state machine about the actual
and/or current location state and/or billing state and/or service state and can display
the zone information to the customer. The afore-mentioned determining means may
be formed by an Intelligent Network Service Control Point (IN SCP) which is
adapted to perform a standard MAP Any Time Interrogation resulting in paging of

the terminal device of the user.

As outlined above and in accordance with the present invention localization deter-
mination may be queried at time of packet data session inception and at future pe-
riods which are governed by both elapsed time and by usage. That is, that periodic-
ity between subsequent localization determination queries / location state determi-
nations may be irregular. The queries / the re-determinations are not triggered by a

change of location nor by mobility. That is to say the end user may move from in-
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side location to outside location and back inside again yet whilst outside location

never causes a location query due to non packet data activity.

Further advantages and details become evident by the embodiment which is shown

in the figure.

In the figure the reference signs and numbers designate the following:

A1: packet sniffer / redirector
B1: unix application with state machine
C1: intelligent network service control point (IN SCP)
D1: HTTP server for information splash page
E1: HTTP server for billing zone presentation
XML / HTTP interface to query the actual location state

radius disconnect message to GGSN

c:  diameter credit control application interface with specific attribute value pair for
the billing state

d: radius account messages from GGSN

e:  GiIP network with user traffic

f:  SOAP interface to query the billing state

g: enriched partial CDRs with billing state per time slice

In this embodiment the location state of the state machine (B1) is used for location
based tarification of the packet data session. The billing state is derived from the

current location state.

The solution can be built with data packet analyzer and traffic controller that is simi-
lar to the traffic plane function of 3 GPP TS32.125. The system uses radius ac-
counting messages from the GGSN to retrieve the customer’s IP address and the
MSISDN. Radius accounting start and stop messages are used to establish a user

session on the pack sniffer / redirector (A1). During IP traffic flows, the packet snif-
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fer / redirector (A1) is able to assign the IP traffic with the client IP address to a cus-
tomers MSISDN.

The packet sniffer / redirector (A1) interfaces to the state machine (B1) via a stan-
dard diameter interface (a) being enhanced with specific attribute value pairs to in-
form the packet sniffer / redirector (A1) about the billing state. The state machine
(B1) is a special purpose application, which external applications can query the lo-

cation state which is used in this implementation for tarification purposes.

The radius accounting start message triggers diameter initialization requests which
are sent via the diameter interface (c) to the state machine (B1) with the client
MSISDN value as session identifier. Upon this initial diameter message, the state
machine (B1) queries the IN SCP (C1), which serves as the Localization Applica-
tion, i.e. the determining means, over a XML/HTTP interface (a) to retrieve the ac-
tual location state of the customer. The state machine application (B1) queries the
IN SCP (C1) using the MSISDN of the end user.

The IN SCP (C1) performs a standard MAP Any Time Interrogation, resulting in
paging of the target end user via MAP provider subscriber information. The result of
the MAP any time interrogation is either the identification of the node to which the
end user is attached / camped on, or an information that the end user cannot be
located (e. g. due to no coverage, network failure, or end user device discon-
nected). The IN SCP (C1) considers the first and the second database, which store
a physical location attribute of all communication nodes resident in the network of-
fered to the end user and a definition of each end user pre-defined zones which
qualify for location differentiation, respectively. The first and second database are
present on the IN SCP (A1). The IN SCP (A1) computes if the physical position of
the attached node is coincident with the end user location definition. The IN SCP

(A1) reports the result back to the state machine application (B1).

The state machine (B1) sets up a session with the initial state, which uses the

MSISDN as key, the retrieved first actual location state (from which the initial cur-
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rent location state is derived, i.e. initial actual and current location states are identi-
cal), the sequence number of the state query and the absolute time of the state and

elapsed time for the state.

This state corresponds to the billing state which is returned in the diameter re-
sponse (c) to the traffic sniffer / redirector (A1). The response additionally holds the

validity time, as defined on the state machine (B1).

The traffic sniffer / redirector (A1) has the capability to count user IP traffic and re-
port the usage into partial call detail records (CDR) every time a diameter query is
done (g). Upon each cycle of a diameter query, a new partial CDR is written, which
includes the billing state which is further used in the billing procéss of charging.

The traffic sniffer / redirector (A1) has the capability to retrigger the state machine
(B1) over the diameter interface (c) after the validity time of the state is finished or
when other trigger apply internally of the packet sniffer / redirector (A1). The trigger
is only sent, when customer activity is identified by the packet sniffer / redirector
(A1).

Those interim messages can be diameter credit control requests and they report
the time used since the last diameter response was retrieved from the state ma-
chine (B1).

Upon receiving interim messages from the state machine (B1), the old billing state
is queried. The state machine (B1) decides, if an update of the current location
state is necessary. This is the case, when the last current location state is older
than an elapsed time which can be controlled from the states absolute time and
elapsed time. In this case a new actual location state will be queried on the
XML/HTTP interface (a) to the IN SCP (C1). Using the new answer, a new current
location state is calculated and the new billing state which is based on the current
location state is put into the diameter credit control answer message (c). The state

machine (B1) as well holds at least state and the new state in a database.
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In this example implementation this procedure can continue until certain trigger

conditions occur.

1. A customer may terminate the session which is identified over the radius ac-
counting stop message, which triggers a diameter credit control terminate
message to the state machine (B1), which does the standard state calculation.
The final state is used on the packet sniffer / redirector (A1) to update the last

CDR with the billing state as usual.

2. An improvement is done, when the first (initial) actual location state (to which
the initial current location state corresponds) was outside. In this case there is
no state change needed over the whole user session. The elapsed time for

such state is infinite.

3.  When the first actual and current location state is inside, then this state is
checked in the described sequence. In case a customer is found to be outside
the first time (i.e. the actual location state is outside), then the billing state is
still calculated to be in-zone as a latency to change to the out-of-zone state

used in billing shall be at least one elapsed time.

4. When in the history twice an outside actual location state is identified without
interruption, the current location state changed from inside to outside and the
actual billing state stays in-zone (as before the new calculation), but the cus-
tomer will be disconnected with a previous insertion of information splash
page for the case the user is browsing with a web browser in the same mo-
ment. This transaction of the current location state triggers with a certain delay
a radius disconnect message to the GGSN. The diameter answer which is en-
riched with additional outside statues of the customer, is sent to the packet
sniffer / redirector (A1), which is triggered to do a redirection to a web server

(D1), that holds the information splash page.
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At every point in time, a customer can request a specific web page URL. The web
page is placed on a server (E1), which queries the state machine (B1) about the

current and / or actual state and can display the zone information to the customer.
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Communications System

Claims

1. Communications system comprising one or more communication nodes and
one or more mobile terminal devices, allowing users to communicate with the
communications system by data transmission during a data session, which
communication nodes and mobile terminals are adapted to communicate
with each other via an air interface by sending data from the terminal devices
to the communication nodes and/or from the communication nodes to the
terminal devices, wherein at least one zone is defined for the users of the
communications system in which the user may be provided with other, fur-
ther or modified services and / or tariffs as outside of the defined zone, the
communications system further comprising determining means for determin-
ing the actual location state based on the examination whether the user is
located inside or outside of one of said zones, wherein the communications
system is adapted to re-determine the actual location state by said determin-

ing means or to obtain the re-determined actual location state from the de-
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termining means dependent of one or both of the parameters elapsed time

and activity during the data session.

2. Communications system according to claim 1, wherein the elapsed time is
the elapsed time of the whole data session or the elapsed time since the
previous re-determination of the actual location state or the previous trans-
mittal of the actual location state from the determining means or the elapsed

time since the start of the previous data usage.

3. Communications system according to claim 1 or 2, wherein the determining
means are triggered to perform said re-determination of the location state in-

dependently of the actual location and/or movement of the user.

4. Communications system according to any one of the preceding claims,
wherein the communications system comprises a first database comprising a
location attribute of all communication nodes resident in the network offered
to the user and a second database comprising a definition of each of said

defined zones.

5. Communications system according to any one of the preceding claims,
wherein the system further comprises a state machine or another storage
unit which stores a current location state and which is adapted to obtain from
the determining means the actual location state determined by the determin-

ing means.

6. Communications system according to claim 5, wherein the state machine or
another storage unit stores one or more historical location states determined

in previous determinations by said determining means.

7. Communications system according to claim 5 or 6, wherein the state ma-
chine is adapted to change the stored current location state to the actual lo-

cation state determined by said determining means if the actual location
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state and a number of the last subsequent historical location states are iden-
tical and of the opposite state than the current location state stored in the

state machine.

8. Communications system according to claim 7, wherein the number of said
last subsequent stored historical location states depends on the type of user

and/or on the type of data session.

9. Communications system according to claim 7 or 8, wherein the number of
said last subsequent stored historical location states depends on whether the

user enters or leaves a defined zone.

10. Communications system according to any one of claims 5 to 9, wherein the
current location state stored in the state machine influences the billing of the

data session or the services available during the data session.

11.Communications system according to claim 10, wherein the system is
adapted to maintain a billing state and/or service state according to an inside
location state even if the current location state of the state machine changed
to the outside location state and to interrupt the data session after said

change of the current location state.

12. Communications system according to any one of claims 5 to 11, wherein the

state machine is adapted to be initialized by inception of a'data session.

13.Communications system according to claim 12, wherein the state machine is
adapted to retrieve from the determination means the actual location state
after initialization of the state machine and at future periods which are gov-

erned by elapsed time and usage.

14.Communications system according to any of claims 5 to 13, wherein the

state machine or another storage unit is adapted so that the user and / or a
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third party may retrieve information as to the current and/or actual location

state and/or service state and/or billing state.

15.Communications system according to any one of the preceding claims
wherein the determination means is formed by an Intelligent Network Service
Control Point which is adapted to perform a standard MAP resulting in pag-

ing of the terminal device of the user.
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